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1. I NTRODUC T ft ON 

INVESTIGATION OF THE SCATTERING B Y A SLOT 8N A MULTIMODE 

WAVEGUIDE REQUSRED THE DEVE LOPME NT OF A SPECIALi ZED MICRO-

WAVE BRIDGE! FOR TAKUNG EXPERI~ENTAL DATA. THE REQUUREMENT 

FOR A BETTER MODE TRANSDUCER FOR USE ON THIS BRIDGE 

INITIATED THE PROJECT DESCRiBED UN THUS PAPER& 

WHEN TWO OR MORE MODES MAY PROPAGATE IN THE SAME WAVE-

GUIDE 9 IT IS NOT EASY TO DETERMINE BY MEASUREMENT THE 

AMPLITUDE AND PHASE OF EACH. THE DiffiCULTIES ARE MAINLY 

PRACTICAL ONESp WHICH WOULD NOT ARUSE IF THE EXPERIMENTER 

HAD AT HIS DISPOSAL INFINITESIMAL PROBES THAT COULD BE 

MOVED ABOUT WITHIN THE GUIDE AT WILL WITHOUT DDSTURBING 

THE EXISTING FIELDS. 

THE SLOTTED-LINE TECHNIQUE US NOT APPLUCABLE FOR ftT 

IS IMPOSSIBLE TO CUT A SLOT IN THE MULTOMODE GUHDE THAT 

WILL BE EVERYWHERE PARALLEL TO THE LiNES OF CURRENT FLOW 

IN EACH OF THE TWO MODES AND W8LL THEREFORE SERiOUSLY 

DISTURB THE FIELD OF NEiTHER. 

THE METHOD Of MEASURING THE FIELDS IN THE MULTGMODE 

WAVEGUIDE THAT WAS ADOPTED CONSISTED OF FORST TRANSFORM-

lNG THE POWER IN THE TE 20 MODE FROM THE MULTOMODE WAVEGUIDE 

TO T£ 10 IN SINGLE MODE GUiDE AND SUMOLARLY TRANSFORMING 

THE TE 10 POWER IN THE MULT8MODE GUIDE TO TE 1 o UN ANOTHER 

SINGLE MODE GUIDEo THE PHASE AND AMPLUTUDE OF THE FiELDS 

1 CAPT. RALPH L. LARY, USMC, A MICROWAVE BRIDGE FOR THE 
ACCURATE MEASUREMENT OF SCATTERING MATRICES GENERATED BY 
OBSTACLES IN MULTIMODE WAVEGUIDE~ U.S.N.P.S. THESDS~ 1862 
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PROPAGATIN G IN THE S IN GLE MODE WAVE G U I DES CA N NOW BE 

MEASURED AND SERV E T O IN D I CAT E TH E F I E L DS EX OSTUNG IN T HE 

MULTIMODE WAVEGUUDE o THE DE V I CE USED TO AFF ECT THIS 

TRANSORMATION IS A MODE TRANSDUCER. 

SiNGLE MODE WAVEGUIDE 
TERMINAL COUPLING INTO 
T£ 20 MODE 

MODE 

TRANSDUCER 

SINGLE MODE WAVEGUiDE 
TERMINAL COUPLING INTO 
TE 10 MODE 

FIGURE 1 

T£ 20 MODE 

T£10 MODE 

IN THE 
MULTI MODE 

WAVEGUIDE 

AN IDEAL MODE TRANSDUCER WILL BE DEFINED TO HAVE THE 

FOLLOWING PROPERTIES: 

A. IT SHOULD PRESENT A PERFECT MATCH TO POWER ENTER-

lNG EITH E R OF THE SING L E MODE PORTS WHEN THE MULTIMODE 

PORT IS TERMINATED IN A MULT!MODE MATCHED LOAD (MATCHED 

FOR BOTH MODES). ALSO THERE SHOULD BE NO REFLECTION OF 

EITHER THE T£ 10 OR THE T£ 20 ENERGY ENTERDNG THE MULTIMOOE 

PORT WHEN THE SINGLE MODE PORTS ARE TERMONATED IN MATCHED 

LOADS. 

B • THERE SHOULD BE NO COUPLING BETWEEN MODES. 

ENTERING THE MULTIMOOE PORT SHOULD NOT BE REFLECTED AS 

TE 20 OUT OF THE MULT!MODE PORT OR TRANSMDTTED THROUGH THE 

T£ 20 SINGLE MODE PORT. T£ 20 ENTERING THE MULT8MODE PORT 
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SHOULD NOT BE REFLECTED AS TE 1 o OUT OF THE MULl !MO DE PORT 

OR TRANSMI TTED THROUGH THE TE 10 SINGLE MODE PORT. SIMDLARLV 

ENERGY ENTERIN G EITHER OF THE SINGLE MOD E PORTS SHOULD BE 

CONVERTED ENTIREL Y TO THE DESIRED MODE I N THE MULTIMODE 

WAVEGUID E . 

THE PERFORMANCE OF A MICROWAVE MODE TRANSDUCER CAN BE 

SPECifiED BY THE DEGREE TO WHHCH THESE TWO PARAMETERS 9 

MATCH AND ISOlATION, ARE OBTAINEDo 

3 



2. REPRESENTATION OF A MODE TRANSDUCER BY THE SCATTERING 

MATRIX 

A MODE TRANSDUCER CAN BE V6EWED AS A JUNCT ION Of FOUR 

WAVEGUIDES. Two OF THE JUNCTOONS ARE THE S8NGLE MODE 

WAVEGUIDE PORTS AND THE OTHER TWO PORTS REPRESENT THE TWO 

PROPAGATING MODES POSSIBLE DN THE MULTIMODE WAVEGU.DE. 

FIGURE 2 DEPICTS THE MODE TRANSDUCER AS A JUNCTION OF FOUR 

WAVEGUIDES WiTH ONLY ONE MODE PROPAGATING IN EACH ARM. 

1 2 

l J ) 
3 4 

tiGURE 2 

TERMINAL NUMBER ONE REPRESENTS THE SINGLE MODE WAVE-

GUIDE PORT THAT COUPLES INTO THE TEzo MODE IN THE MULTIMODE 

WAVEGU8DE. 

TERMINAL NUMBER TWO REPRESENTS THE TE 20 MODE DN THE 

MULTIMODE GUIDEo 

TERMINAL NUMBER THREE REPRESENTS THE SiNGLE MODE WAVE-

GUIDE PORT THAT COUPLES RNTO THE T£10 MODE IN THE MULTDMODE 

GUIDEo 

TERMINAL NUMBER FOUR REPRESENTS THE T£10 MODE UN THE 

MULTIMODE GUIDE. 
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.6, COMPLtTE. UtSCP. HPlU,)I-I O f THE f UfLOS WifHHI'. THE. O!S-

CONTINUITY REGION OF THt JUNCTION, Jv WOULD REQUIRE, IN 

ADDITION TO THE DOMUNANT PROPAGATING MODES, AN INfiNITY 

Of NON-PR OPAGATING MODES., THIS COMPL8CAT60N IN THE fiELD 

DESCRIPTION THAT EXISTS AT THE JUNCTION CAN BE AVOIDED BY 

LOOKING ONLY AT THE DOMiNANT MODE5 AT TERMINAL PLANES T1 

THROUGH T4 LOCA TED SUfFICIENTLY DiSTANT FROM THE JUNCTOON 

SO THAT THE NON-PROPAGATING HIGHER-ORDtR MODES HAVE VANISH-

ED. IN THE SCATTERiNG TYPE OF REPRE~ENTATION THE FiELDS 

ARE DESCRI~ ED BY THE AMPLITUDES OF THE INCIDENT AND 

REFLE CTED WAVES AT EACH OF THE TERMtiNAL PLANES. FOR A TE 

MODE THE FIELDS AT THE TERMi NAL PLANE TJ (Z:ZJ) ARE GIVE.N 

BY:/1 / 

--:)> 

EJ(X ,Y, 2:) 

~ j J (X, Y,t:J) 

WHERE 

...... 
E J AND 

~ ?.JJ ARE VECTOR MODE FUNCT60US CHARACTERISTIC 

OF" THE TRANSVERSE FORM OF THE DESiRED MO DE IN TH E JTH GUIDE . 

FOR TEMN MODES 6 N RECTANGULAR GU!DE:/2 / 

E ( E~ 
..-. 

~) 
·w-t 

I;( + Ey ei 
..... 

( Hx I: + 1-ly ~ 1- H21i?.) e 11 = ~Lvf 

WHERE: 

SIN Ky y 
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?Lt.) 1J Kx_ 
K7..+ kl. s I 1\1 Kx X C o::, J< y Y 

H~ 

l{ y 

o ('/Y'I '"' K x 
J/ 2. -f 1{1... 
'\;< y 

t fN\ M Kl. 
1(/· t- K~~ 

CO-S Kx X cos /{y y 

THE PLUS AND MINUS SUPERSCRHPT INDOCATE PLUS AND MINUS 

TRAVELING WAVESo AJ AND BJ ARE 9 RESPECTIVELY, THE COMPLEX 

AMPLITUDES OF THE ELECTRIC fiELD !N THE HNCUDENT AND 

REFLECTED WAVE COMPONENTS Of THE DESIRED MODE fiELD AT 
~ ~ 

TERMINAL TJ. SINCE t AND 1 J ARE BASOS VECTORS, ANY 
r'""•V'"' H """' · n, 

SOLUTION TO THE FIELD EQUATHONS IN RECTANGULAR GUIDE MAY 

BE REPRESENTED BY SUITABLE FOURIER METHODS. 

THE FUNDAMEN T A L EXOS T ENCE THEOREM /1/ APPLHCABLE TO 

THE SCATTERING F O RMU L ATHON Of A FIELD PROBLEM STATES THAT 

THE AMPLITUDES Of THE SCATTERED WAVES AT THE VARIOUS 

TERMINALS ARE UNIQUELY RE L ATE D TO T HE AMPLITUDES OF THE 

INCIDENT WAVES THEREONo IN THE CASE o r LHNEAR OBSTACLES, 

THE AMPLITUDES Of THE REFLECTED WAVES SET UP AT THE TERMHNAL 
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PLANES Tl, 0 TJ ~y A SINGLE INCODENT WAVE Al AT Tl• 

A2 AT T2, " ' ETC., ARE : 

81 = s11A1 81 = s12A2 B1 = s 1 JAJ 

82 = S21A1 8.2 = ~22A2 82 = s 2 JAJ 

By SUPERPOS8T80N THE AMPLITUDES OF THE SCATTERED WAVES 

RESULTING FROM THE SUMULTANEOUS iNCIDENCE OF WAVES Of 

AMPLITUDES Alt 

81 = sllAl ~ s12A2 

82 • S21A1-+- S22A2 

WH E RE THE SCATTERING COEFFICIENT SJK OS A MEASURE OF THE 

AMPLITUDE AND PHASE OF THE WAVE SCATTERED INTO THE JTH 

GUIDE BY A WAVE OF UNOT AMPLUTUDE !NCHDENT INTO THE KTH 

OR 

GUIDE. NOTE THEREFORE THAT SJJ REPRESENTS THE REfLECTftON 

COEFFICIENT AT THE TERMINAL TJ WHEN ALL OTHER TERMINALS ARE 

MATCHED. IN MATRIX FORM THE SCATTERING PROPERTIES Of A 

WAVEGUIDE STRUCTURE ARE EXPRESSED BY THE ARRAY OF 

COEFFICIENTS CALLED THE SCATTERING MATRIX. 
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5 ;a 

IT CAN BE SHOWN /1/ THAT THE SCATTERONG MATRIX OS SYMMET-

RICAL AND FOR NON-DISSHPATIVE STRUCTURES HT !S UNITARY~ 

THIS MEANS THAT: 

AND 

FOR A FOUR TERMINAL JUNCTOON DT HAS BEEN SHOWN BY 

W. Ho KUMMER /3/ THAT THE FOLLOWiNG RELATIONS HOLD: 

APPLYING THESE RELATIONSHIPS AND THE RECIPROCITY RELATIONS 

TO THE SCATTERING MATRIX FOR A FOUR TERMRNAL MODE TRANS-

DUCER IT CAN BE SEEN THAT ONLY THREE SCATTERiNG COEFFiCIENTS 

ARE REQUiRED TO COMPLETELY SPECiFY THE SCATTERDNG MATRBXo 

~ 511. ill 5z2 

--? 533 = 544 

-;>-- 5 13 - 5 31 = 5 14 - 5 41 :: 523 = 532 :: 524 :: 542 - -
512 = 1 - 5 11 ::: 5 z1 

534 = 1 - S 33 = S43 

8 



THE SCATTERONG COEFF!CdEI\!lS OF' AN 8DEAL MODE TRANSDUCER 

WOULD BE: 

512 = 521 = 534 :;:;; 543 ::0 1 

511 = 513 = 514 = 0 

5 22 = 523 = 52 4 :: 0 

5 31 = 532 = 533 = 0 

541 = 542 = 544 ::; 0 

THE SCATTERING MATRIX OF AN IDEAL MODE TRANSDUCER WOULD 

BE: 

5 = 

1 0 0 

1 0 0 0 

0 0 0 1 

0 0 1 0 
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3. DESIGN Of THE MODE TRANSDUCER 

THE TRANSiTftON FROM THE TE 1 a MODE 8N THE MULTIMODE GUiDE 

TO THE TE 1a MODE S8NGL E MO DE GUiDE iS A RELATiVELY SiMPLE 

MATrER. S IN CE THE f i ELD CONF!GURAT OON US THE SAME !N BOTH 

GUIDES THE PROBLEM IS ALMOST EQUHVALE NT TO THAT OF PROVBD

!NG A REFLEC TIONLESS JUNCT HON BETWEEN TWO TRANSMIS SION LONES 

OF DIFFERENT CHARACTERiSTIC iMPEOANCEo A QUARTER WAVE 

MATCHING SECTION IS A COMMON METHOD OF PROVDD8NG A REFLEC

TIO~ L ESS JUNCTUON BUT 8T HA S THE DiSADVANTAGE OF BEING 

FREQUENC Y SENSiTIVE. IN ORDER TO ALLOW OPERATiON OVER A 

BROAD BAND OF FREQUENCBES THE IMPEDANCE TRANSFORMATOON WAS 

MADE BY MEANS OF AN 8NTERM ED iATE SECT80N dN WHOCH A GRADUAL 

CHANGE FROM THE DBMENSftONS OF ONE GUiDE TO THOSE OF THE 

OTHER TAKES PLA CE (SEE FIGURE 3 ). PROV IDED THBS TAPERED 

SECTION IS AT LEAST A FEW WAVELENGTHS LONG THERE WILL BE 

V E RY LITTLE REFLECTI ON OV E R A WiDE FREQUENCY BAND o SINCE 

THE DIMENSIONS Of THE SINGLE MODE GUIDE ARE SUCH THAT THE 

TE 2a MODE CANN OT PROPAGATE f REELY9 ANY TE 2o ENERGY iN C IDENT 

WILL SEE A REACTIVE TERMONATOON AND WOLL BE ATTENUATED 

RAPIDLY IN THE SBNGLE MODE GU OD E o 

S INGLE MODE GUYDE MULTBMODE GUiDE 

FHGURE 3 
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rHE TRANS!TUON FROM f l ~ O ON MU LTDM OD E GUdDE TO TE 1 a 

IN SINGLE MODE GUiDE CAN BE AC COMPLISHED iN VARIOUS WAYS /2/g 

T H E M E T H 0 D U S E D W A S C H 0 S t N 8 E C A U S E 11 M 0 D E P U R Y T Y '' ~ T H A f 8 S t 

THE FREEDOM OF EXCHTATION OF THE UNDESIRED TEla MODE, 

DEPENDS ON PHYSUCAL SYMMETRY ONLY, AND IS, IDEALLY~ NOT A 

FUNCTION OF FREQU~NCY. tOGURE 4 SHOWS HOW THUS WAS 

ACCOMPLISHED. THE SEPTUM AT A DIVODES THE FHELDS MKDWAY 

ACROSS THE MU LT OMOOE GUODE AND THEY PROPAGATE AS TE 1 a !N 

ARMS B AND C. As SHO~N 8V THE E FOELD VECTORS, TEzo 

INCIDENT UPON THE JUNCTOON BECOMES TE 1 a WOTH ODENTOCAL 

AMPLITUDES IN EACH ARM BUT 1800 OUT OF PHASE. THE goo 

TWISTS, CLOCKWiSE ON ONE ARM AND COUNTERCLOCKWi SE !N THE 

OTHER, GIVE A NET 18a 0 ROTATOON BETWEEN THE TWO ARMS BRING

ING THE E fiELDS BACK RN PHASE AT JU NCT OON 0 WHERE THEY ADO 

AND EMERGE AT [ AS A TEla FIELD iN SiNGLE MODE WAVEGU8DEa 

MOST OF THE TE 1 a !NCUDENT AT THE MULTOMODE PORT IS SHORTED 

BY THE SEPTUM AT A BUT THE REMAINDER BECOMES TEla BUT WITH 

THE SAME PHASE IN EACH ARM. AFTER BEING ROTATED AT B AND C 

THE NET RESULT 8S A 18aO PHASE DIFFERENCE BETWEEN THE 

FIELDS AND COMP LETE CANCELL ATDON AT THE JUNCTOO N DQ IF 

THE CROSS SECTION OF THE GUIDE IS CH~NGED SLOWLY AND 

UNIFORMLY OVER A DBSTANCE OF SEVER AL WAVE LENGTHS THE 

TE 2 a 8NCIDENT AT THE MULT OM ODE PORT WILL BE TRANSFORMED 

INTO TE1a IN THE SDNGLE MODE GUDDE WITH LITTLE REFLECTION. 

THE DEGREE OF MODE PUROTY THAT CAN BE OBTAINED DEPENDS 

UPON HOW CLOSELY THE ELECTRICAL LENGTHS OF THE TWO ARMS 

CAN BE MATCHED AND HOW ACCURATELY THE FOELOS SPLOT AT 

11 



fOGURE 4 

12 



JUN CT I ON D. IF THOS TRANSDU C ER COULD BE CONSTRUCTED WiTH 

M I RROR SYMMETRY ABOUT THE CENTER LINE COMPLE T E !SOLATOON 

BE T WEEN THE TElQ AND TE 20 MODES WOULD BE ObTAONEO AND9 

FUR T HER t THIS !SOLATOON WOU~D BE FREQUENC~ INDEPENDENT. 
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BIF URCATED AND THE CROSS SECTtiUNS OF EACH ARM TAPERED 10 

C 0 N f" 0 R M T 0 T H E D b M £ N S 0 0 N S 0 f X 13 A N D S U ll 1.\ !.. ~ f.l 0 D E G U ! 0 C. ~ 

~T THESE POO~T~ l~O P UEC£S OF WAVEGUUCE, w&rH OPPOSiTE 

9 0 0 T W B S l S p W E R E A T T A C ti ( D • AFTER THE TW!STS THE GUDDES 

CAM E TOGElHER AGAI~ 8N A TAPERED [ PLANE Y JUNClBON T HA T 

(NDEO IN A STANDARD X BAND WAVEGUiDE FLANGE FORM!~G THE 

TE 2o PORT. AT 1HE E PLANE Y JU~CTUON A BENDA6LE SEPTUM 

EXTEN08NG INTO THE COMMON ARM WAS PROVUOED TO ALLOW FOR 

ADJUSTi hG THE D!VYSD0N Of THE [ FfiELD AT THAT P09NTo 

DETAILS OF THE tONSTRUCTBON CAN BE SEEN dN FiGURES 6 9 7 8 

AND 8. THE THRE L P OECES I~ F!GURE 6 WERE M6LLEO OUT OF 

EIRASS STOCKo TH E TW DSTS IN FuGURE 7 WERE FABRICATED FROM 

STANDARD RG58 X BAND WAVEGU~CE AND THE Y JUNCTION WAS 

MADE BY SANDWiCHING TOGETHER TWO BEVELED SECTBONS OF WAVE 

GUIDi AND A SHEET BRASS SEPTUM. 
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I .I 

I J 

I I I I 
F L ANGE BOLTS TO B RASS 
BLOCK IN FIGURE 6 . 

TE 10 SINGLE 

MODE WAVEGUIDE 
PoRT 

TE 20 S oNGLE 
~---~-..MoDE WAVEGUIDE AD-JUSTABLE 

SEPTUM--.....:.. PORT 

FBGURE 7 
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F l ~URE 8 
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COULD THEN BE USED TO FiND THE AMPL~TUDES Of THE SCATTER-

O~G COEFFUCGENT5o (DETAiLS Of THE MEASUREMENT BRiDGE ARE 

COVERED ~~ fOOTNOTE lo) W61H APPHOXU~ATELY lWO WATTS 

AVA£LABLE FROM THE KLYS1NON AMPLrF6fR THE MAX!~UM SENSITiV

ITY ALLOWED MEASURING POWER RAT80S UP TO 70 DB. 

~HEN THE DSOLATUON BETWELN MODES WAS FIRST MEASURED IT 

WAS FOU ND TO BE ON THE ORDER OF 20 DB. THHS WAS CONSIDER-

ABLY WORSE THAN THC EXH~l U~G MODE TRANSDUCERS THAT WERE UN 

U5E AND WHICH HAD AN OSOLA180N OF ABOUT 45 DBo ADJUSTMENT 

OF THE SEPTUM AT 1HE Y JUNC!UON d~PROVED ISOLAT90N SOME-

WHAT OUT THE MAO~ CAUSE OF THE CROSS-COUPL U~G BET~EEN MODES 

WAS THE DIF fERENCf HN ELECTR!CAL LENGTHS OF THE TWISTED 

WAVEGUIDE SECTIONS. IN ORDER TO DETERMiNE THE POTlNTOAL 

MODE SEPARATUCN POSSiBlE W!TH THIS TYPE OF MODE TRANSDUCER 

WITHOUT REQUORING TH~ MACH~~E SHOP TO BUGLD AN !Q£~ll&A1 LY 

SY~METRI CAL DEVDCt, ONE OF THE TW35TED SECTUONS WAS TUNED 

TO THE SAME ELECTRiCAL LENGTH AS THE OTHER BY SQ~EEZ!~G THE 

BROAD fACE~ UF THE WAVEGUODE TOGETHER SLSGHTLV~ THUS 

ADJUSTMENT IN CONJUHCTUCN ~8TH THE SEPTUM ADJUSTMENT REDUC ED 

THE CROSS-C OUPLING BET~tEN MODES TO AN DMMEASURABLE AMOUNTe 

ALTHOUGH EXCELLENT OSOLAT!ON WAS O~TAONED AT THE FREQUENCY 

AT WHtCH THE ADJUST~ENTS WERE MADE (9Q375 KMC) THE BAND-
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CHh~ACTE R!STICS 0~ THL TW b5 1EG SECTUCNS WEHE NOW QUOTE 

D!F'FEHENTc 

THE REfLECTED P0wEk AT TH l TE1o AND fEzo SR~ GLE MODE 

PORTS CORRESPOND 0 NG TO I 5331 AND i 5111 ARE SHO\'IN g N DB g N 

FIGURE lOo THE COU P L D ~G BETWEEN THE TE 1 o AND TE20 SH~GLE 

MODE PORTS CORRESPONDONG ro I 5131 8~ SHOWN ON FHG.URE ll o 

FI GURES 12 AND 13 SHOW THE SWR AND HSOLATUON FOR THE MODE 

TRANSDUCER PREVIOUSLY EMPLOYED. THE MULTD~ODE PORT WAS 

T£RMINATEO WiTH A MULT8MODE MATCHED LOAD FOR ALL MEASURE-

MENTS. 
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6 ., r< E C 0 M MEN D£ D f-1 U D ij F ! (; J.\ I 6 _ N 5 f 0 I M t' R 0 V l pERf 0 H MANCE 

THE P R B MAR V C A l.l S E 0 f T H!:. H i G H S iJ ~ 6 S T HE REACT I V E l 0 A 0 

SE E N BY (A) THE TE 2 o MODE 8~C8DENT UPON THE POHTOON Of THE 

TRANSDUCER D ESOGHE O TO COUPLE OUT THE TElO» AND (B) THE 

T ~10 INCIDENT UPON THE PORTION OF THE TRANSDUCER DESIG NED 

TO COUPLE OUT THE TE20 o THUS PROBLEM CAN BE REDUCED BY 

E XTENDING THE SEPTUM DfiVODRNG THE MULTUMODE GUIDE AND 

IN T R ODUCING A RESOST!VE E F8ELD VANE !N THE CENTER Of THE 

S ECT I ON THROUGH WHiCH THE TE 2 o MODE SHOULD PROPAGATE AND 

SI MILARLY 8NTRODUC£ A RESISTIVE SLOT ON THE CENTER Of THE 

SE CT I ON THROUGH WHiCH THE TElO MODE SHOULD PROPAGATE. 

TH ESE RESISTIVE LOADS WOULD SELECT I VELY ABSORB THE REJECTE D 

MO DE IN EACH ARM OF THE MODE TRANSDUCER EL OMHNATiNG THE 

REAC TIVE TERMDNAT 8 0NS AS A C~USE OF REFLECTiONo THESE 

MODI F I CATIONS WOULD ALSO UMPROVE THE iSOLAT UON SiNCE THE 

UNDE S I RED MODE WOULD ~E LARGELY ATTENUATED B EFORE REACHONG 

THE REG I ON i N WH UCH OT BS NORMALLY CA NC E LLED OUTo ALTHO UG H 

THI~ WOULD MEAN A 3 08 LOSS ON COUPLHNG OUT EACH OF THE 

MOD ES , DT WOULD NOT CREATE ANY PROBLEMS WHEN USED WOTH THE 

MULTI MODE MICROWAVE BRiDGE REFERENCED ON FOO T NOTE lG 

26 



7. CONCLUSION S 

WHILE THE PERFORVANCE OF THE MODE T RANSDUCER WAS 

ADEQUATE FOR USE AT A SINGLE FREQUEN CY !N TH E MULTIMODE 

MEASUREMENT BRIDGE, THE FULL REALIZATION OF THE BANDWIDTH 

CAPABILITI ES INHERENT IN THIS DESIGN WILL REQUIRE ADHERENCE 

TO EXTREMELY CLOSE MANUFACTURING TOLERANCES. FOR EXAMPLE 1 

AT 9.375 KMC FIVE THOUSANDTHS OF AN INCH IN THE X BAND 

GUIDE CORRESPONDS TO ONE DEGREE OF PHASE SHifT. THE 

DIFFERENCE IN PHASE SH8FT BETWEEN THE TWO HALVES OF THE 

MODE TRANSDUCER SHOULD BE HELD TO A FRACTION OF A DEGREE. 

ALTHOUGH THE REFLECTION COEFF ICIENTS WERE SMALL ENOUGH 

SO THAT SLIDE SCREW TUNERS COULD BE USED TO ACHIEVE A MATCH, 

A MARKED IMPROVEMENT IN THE 5WR SHOULD RESULT FROM THE 

MODI FICATIONS DES CRIBED IN SECTION 6o 

THIS METHOD OF MODE CONVERSION IS CAPABLE OF ATTAINING 

EXCELLEN T ISOLATION AND A LOW SWR OVER A BROAD FREQUENCY 

RANGE PROVIliNG THAT THE STRIGENT REQUIREMENTS ON PHYSICAL 

SYMMETRY CAN BE MET. 
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